Abstract: Idiopathic myointimal hyperplasia of mesenteric veins causes chronic ischemic mucosal injury with segmental strictures that mimic inflammatory bowel disease and nonocclusive ischemic colitis. It is characterized by myointimal proliferative changes that narrow the lumina of veins combined with ischemic injury and ulcers. Most cases reported to date have been diagnosed following surgical resection. The aim of this study was to determine whether mucosal changes of idiopathic myointimal hyperplasia of mesenteric veins are sufficiently sensitive and specific to allow its recognition in biopsy material. The study group consisted of 10 patients with idiopathic myointimal hyperplasia of mesenteric veins who underwent surgical resection of the affected colon, 7 of whom had available prior endoscopic biopsies. The control group included 10 patients each with radiation, nonocclusive ischemia, Crohn disease, diverticulitis, and mucosal amyloidosis, and 5 cases of small vessel (leukocytoclastic) vasculitis. Study patients were mostly older men with distal colorectal disease. All resection specimens showed mucosal ischemia with numerous thick-walled (arteriolized) capillaries and glassy subendothelial fibrin deposits; numerous hyalinized, eosinophilic thrombi were detected in 90% of colectomy specimens. Biopsies showed arteriolized capillaries (100%), subendothelial fibrin deposits (86%), fibrin thrombi (43%), and perivascular hyalinization (43%). Fibrin thrombi were observed in only one case each of ischemic colitis and small vessel vasculitis, and none of the other abovementioned features were seen in any of the controls. We conclude that arteriolized capillaries, subendothelial fibrin deposits, and perivascular hyalinization are frequent and specific features that can facilitate recognition of idiopathic myointimal hyperplasia of mesenteric veins in biopsy samples.
I diopathic myointimal hyperplasia of mesenteric veins is an infrequent cause of chronic colonic ischemia caused by noninflammatory obliteration of medium-to-large size mesenteric and mural veins. Most cases occur in adult men without prior gastrointestinal complaints who develop recurrent, progressively severe abdominal pain that is frequently accompanied by bloody diarrhea. The disease shows a predilection for the rectosigmoid colon where it causes strictures, ulcers, mucosal erythema, and nodularity that simulate the endoscopic appearances of nonocclusive ischemic colitis and inflammatory bowel disease. In fact, an absence of well-defined histologic criteria often prevents pathologists from establishing a diagnosis based on biopsy analysis and, thus, many patients are initially treated with anti-inflammatory agents, rather than surgery, which is curative. Resection specimens display myointimal hyperplasia that obliterates medium and large caliber veins in the colonic wall and mesentery. These changes are not amenable to endoscopic sampling and, as a result, the disease is rarely recognized in mucosal biopsies.
We have noted that idiopathic myointimal hyperplasia of mesenteric veins is often associated with mucosal alterations that seem to be characteristic of this condition. Vascular changes include clustered, dilated, or "arteriolized" capillaries, subendothelial fibrin deposits, and numerous fibrin thrombi in both ulcerated and nonulcerated mucosae. The purpose of this case-control study was to assess the mucosal features of idiopathic myointimal hyperplasia of mesenteric veins with particular attention to these vascular abnormalities. We identified 10 patients with idiopathic myointimal hyperplasia of mesenteric veins, including 7 with available mucosal biopsies before surgery, and compared their features with 55 controls representing a variety of entities that may be considered in the clinical or histologic differential diagnosis. The goal was to determine whether the mucosal features of idiopathic myointimal hyperplasia of mesenteric veins were sufficiently specific to allow definitive diagnosis based on biopsy analysis alone.
MATERIALS AND METHODS
The study group consisted of 10 patients with pathologically established idiopathic myointimal hyperplasia of mesenteric veins in colonic resection specimens, 7 of whom had available biopsy material from least 1 colonoscopic examination before surgery. Clinical information regarding age, sex, symptoms, and clinical diagnosis was recorded. The endoscopy and pathology reports were reviewed. Hematoxylin and eosin-stained slides prepared from mucosal biopsy and resection specimens were evaluated for vascular abnormalities in the lamina propria, active inflammation, ulcers, and ischemic-type injury as described below. Mucosal vascular abnormalities included "arteriolization" of capillaries defined as slightly dilated, thick-walled capillaries with enlarged endothelial cells; endothelial cell injury (swelling or necrosis); glassy, eosinophilic subendothelial fibrin deposits; and intravascular fibrin thrombi. Features of ischemic injury included detached surface epithelium, regenerative, injured crypts (microcrypts) lined by mucindepleted epithelial cells with slight nuclear enlargement, epithelial cell necrosis, hyalinization of, and hemorrhage in, the lamina propria. Inflammatory changes, such as neutrophilic cryptitis, pseudomembranes composed of linear arrays of necrotic epithelial and inflammatory cells embedded in mucin, and ulcers, were noted when present. Resection specimens were evaluated for the abovementioned mucosal changes as well as myointimal hyperplasia in mural and extramural veins. The control group included biopsy and resection specimens from 55 patients with various types of colonic injury that can occur in the distal colon and be confused with idiopathic myointimal hyperplasia of mesenteric veins because of their clinical presentations, endoscopic and histologic appearances, and complications, such as perforations and strictures. These included 10 patients each with nonocclusive ischemic colitis, radiation-induced colopathy, Crohn disease of the distal colon, diverticulitis, and mucosal amyloidosis, as well as 5 patients with small vessel vasculitis.
RESULTS

Clinical Features
The features of study cases are summarized in Table 1 . Nine (90%) patients were men. With the exception of a 25-year-old man, all were older adults (mean age: 67 y). None of the men had a prior history of abdominal complaints, but the only female patient had a history of colonic marginal zone B-cell lymphoma treated only by segmental colonic resection 8 years before presentation. All patients complained of several months (mean: 5.3) of abdominal pain and diarrhea, which was generally bloody; diarrheal symptoms ranged from fewer than five to 20 to 25 bowel movements per day. Two (22%) patients had longstanding symptoms resulting in anorexia and weight loss, and one had a palpable mass in the left lower quadrant. Information regarding the endoscopic findings was available in 9 cases, all of which were abnormal. Diffuse mucosal erythema and friability affected the distal colorectum in all patients. Extensive ulcers were present in 8 (89%) patients, and 6 (67%) had endoscopically apparent strictures; 1 patient had prominent mucosal veins and tortuous, dilated submucosal veins immediately proximal to areas of colitis (Figs. 1A, B) . One patient had a stricture in the distal colon, patchy pseudomembranes in the mid-transverse colon, and a positive Clostridium difficile toxin assay. The resection specimen from this patient revealed myointimal hyperplasia of mesenteric veins confined to the left colon with pseudomembranous colitis in the transverse colon. Seven patients were rendered a clinical diagnosis of inflammatory bowel disease and treated with mesalamine (2 patients), corticosteroid therapy alone (1 patient), or mesalamine and corticosteroid therapy (4 patients) with no effect. Five patients underwent urgent colectomy for perforated viscus, including 3 of whom had received corticosteroid therapy for presumed inflammatory bowel disease. Other indications for surgery included obstruction secondary to strictures and refractory colitic symptoms.
Pathologic Features
Colonic resection specimens showed strictures associated with loss of mucosal folds, ulcers, and serositis with thickened mesenteric fat (Fig. 1C ). Medium and large caliber veins of the submucosa and mesenteric fat displayed luminal narrowing caused by myointimal hyperplasia; the accompanying arteries were completely spared ( Figs. 2A, B) . All of the resection specimens showed ulcers and ischemic-type mucosal injury characterized by withered, regenerative "microcrypts" and hemorrhage and fibrin deposits in the lamina propria. Areas of ischemia were accompanied by dilated capillaries that contained brightly eosinophilic subendothelial hyaline deposits, and all but one case displayed numerous intravascular fibrin thrombi (Fig. 2C ). Ulcerated and intact mucosae contained dilated thick-walled capillaries with prominent endothelial cells that simulated arterioles. The uninvolved colonic mucosa displayed mildly dilated, occasionally branched crypts unassociated with lamina propria inflammation (Fig. 2D ). Seven patients with idiopathic myointimal hyperplasia of mesenteric veins had available biopsy material from at least one colonoscopic examination before definitive surgical resection; a total of 9 sets of biopsy samples were obtained from these patients. All of the samples from the affected colon showed numerous "arteriolized" capillaries interspersed between colonic crypts at all levels in the mucosa. Many of these vessels displayed features of endothelial injury with leakage of red blood cells and fibrin in the vascular wall (Fig. 3) . Mucosal samples from 6 (86%) patients showed ischemic colitis accompanied by mucosal capillaries that contained subendothelial fibrinoid deposits, swollen endothelial cells, and apoptotic nuclear debris in vascular walls. Fibrin deposits completely occluded vascular lumina in 3 cases (Fig. 4A) . Three cases showed extensive hyalinization of the lamina propria, which was most pronounced around FIGURE 1. Idiopathic myointimal hyperplasia hyperplasia causes a segmental colitis with mucosal friability, confluent ulcers, and ecchymotic discoloration that mimic ischemic colitis (A). Colonoscopic examination of another patient revealed indurated and edematous mucosa with ulcers that simulated the appearance of idiopathic inflammatory bowel disease (B). Another patient underwent resection of a stricture in the rectosigmoid colon; the wall is thick and associated with nodular and ulcerated mucosa. Large, indurated lobules of epiploic mesenteric fat encroach on the anti-mesenteric aspect of the sigmoid colon (C).
FIGURE 4.
Numerous mucosal capillaries showed complete occlusion by luminal fibrin as well as subendothelial fibrin deposits (A). Well-developed mucosal hyalinization was occasionally encountered; it was most pronounced around blood vessels (B), but diffuse mucosal hyalinization was encountered in one case (C). Crypt architectural distortion and dilation was present in all cases (D), usually in association with clustered, slightly dilated mucosal capillaries (E). Biopsies from one patient showed active colitis with pseudomembranes in the colon proximal to a stricture (F); this patient proved to have superimposed Clostridium difficile infection.
blood vessels or diffusely affected the entire mucosa (Figs. 4B, C) . Biopsies from all 7 patients showed mild crypt architectural distortion with dilated, shortened, or branched crypts, as well as clustered, thin-walled capillaries (Figs. 4D, E) . Pseudomembranes and neutrophilic cryptitis were identified in 1 patient who also proved to have C. difficile infection (Fig. 4F) . Lamina propria inflammation was minimal in all biopsies from all patients.
Comparison Between Study Cases and Controls
The mucosal features of the study cases were compared with those of 55 controls and the results are presented in Table 2 . One nonocclusive ischemic colitis control contained rare intravascular fibrin thrombi associated with fresh hemorrhage in the lamina propria (Fig. 5A ). Small vessel vasculitis was associated with neutrophil-rich infiltrates in the lamina propria as well as several intravascular fibrin thrombi, many of which were surrounded by neutrophils (Fig. 5B) . None of the other controls displayed intravascular thrombi, and none of the controls showed prominent, thick-walled capillaries or subendothelial fibrin deposits in mucosal vessels. Two (20%) examples of radiation colopathy displayed hyalinized lamina propria, which was more pronounced in the superficial mucosa where thin-walled, ectatic vascular spaces were also conspicuous (Fig. 5C ). Amyloidosis affected submucosal vessels and expanded the lamina propria; deposits were pale pink and most pronounced around colonic crypts with relative sparing of the superficial mucosa (Fig. 5D) . Lamina propria and intraepithelial inflammatory cells were more numerous in Crohn colitis and diverticulitis compared with the study cases.
DISCUSSION
The purpose of this study was to evaluate the mucosal features of idiopathic myointimal hyperplasia of mesenteric veins and determine which, if any, were sufficiently sensitive and specific to facilitate its recognition in colonic mucosal biopsy specimens. We evaluated colonic resection specimens from 10 patients with diagnostic venous lesions in the colonic wall and mesenteric fat, 7 of whom had available biopsy material from prior colonoscopy. Both resection and biopsy specimens showed distinct vascular changes in the mucosa. Numerous "arteriolized" capillaries with thickened walls and swollen endothelial cells were scattered between colonic crypts at all levels in the mucosa; they were present in all biopsy samples obtained from throughout the affected colonic segment (sensitivity: 100%, specificity: 100%). Eccentric or concentric subendothelial hyaline deposits were almost always associated with necrotic or denuded endothelial cells, but lacked leukocytoclasis and infiltrating neutrophils. Subendothelial hyaline deposits were detected in all colonic resection specimens, but only 86% of biopsy samples. Brightly eosinophilic thrombi were observed in 90% of cases and tended to be numerous. In comparison, fibrin thrombi were infrequently (13%) identified in examples of ischemic colitis and small vessel vasculitis and were less numerous; they were pale pink in contrast to the intensely eosinophilic thrombi of idiopathic myointimal hyperplasia of mesenteric veins. Mucosal ischemic features, crypt regeneration, and crypt architectural distortion occurred in idiopathic myointimal hyperplasia of mesenteric veins and several other disorders with similar frequencies.
Idiopathic myointimal hyperplasia of mesenteric veins is an uncommon cause of chronic ischemic colopathy; approximately 20 cases have been reported in the literature. [1] [2] [3] [4] [5] Affected patients are usually middle-aged, previously healthy men who present with recurrent, progressive abdominal pain and diarrhea. Early symptoms of mild cramping and loose stools progress over months to years, culminating in severe, recurrent pain and hematochezia. Characteristic features include radiographically evident strictures of the distal colorectum in combination with mucosal friability, ulcers, and pseudopolyps that mimic clinical features of inflammatory bowel disease. In fact, 70% of patients described in this study were clinically labeled with inflammatory bowel disease and even treated with mesalamine and/or corticosteroid therapy prior to definitive surgical management. Surgery remains the only effective treatment for this condition and is curative. 6 Patients who are not surgically treated are at risk for intestinal perforation, particularly if they receive corticosteroid therapy for a presumptive diagnosis of inflammatory bowel disease. Idiopathic myointimal hyperplasia of mesenteric veins produces characteristic alterations in large mesenteric veins as well, although veins in the colonic submucosa and muscularis propria can also be affected. 6 Veins are often at least as prominent as their paired arteries and display slit-like lumina obliterated by proliferating smooth muscle cells and myofibroblasts embedded in a myxoid matrix. Elastin stains reveal a single elastic lamina with no staining in areas of myointimal hyperplasia. Although these changes are confined to submucosal and more deeply situated veins, they result in elevated venous pressures that produce vascular alterations that are recognizable in mucosal biopsy samples. Abu-Alfa et al 7 described mucosal findings in biopsies and resection specimens from a patient with idiopathic myointimal hyperplasia of mesenteric veins, noting the presence of thick-walled hyalinized vessels. Those authors noted that such vascular alterations were absent in other types of ischemic enterocolitis and mucosal prolapse. Wangensteen et al 4 separately reported a case of idiopathic myointimal hyperplasia of mesenteric veins that was preoperatively diagnosed based on detection of fibrin deposits and myointimal thickening of small mucosal vessels in combination with ischemic injury. Similar to their findings, we also noted the presence of brightly eosinophilic subendothelial deposits in biopsies from patients with idiopathic myointimal hyperplasia of mesenteric veins. However, these alterations were largely limited to areas of mucosal ischemia, whereas arteriolized vessels were diffusely present in both samples that showed ischemic colitis as well as those that were otherwise normal, or showed only mild crypt architectural irregularities. FIGURE 5 . The differential diagnosis of idiopathic myointimal hyperplasia of mesenteric veins includes a variety of disorders that cause ischemic injury and amorphous deposits in blood vessels and lamina propria. Ischemic colitis shows rare intravascular thrombi (arrow) associated with crypt regeneration and mucosal eosinophilia (A). Small vessel vasculitis produces regenerative epithelial cell changes associated with fibrin thrombi and neutrophilic inflammation (B). Radiation colopathy displays hyalinization of the lamina propria with ectatic, thin-walled capillaries, particularly in the superficial mucosa (C). Amyloidosis expands the mucosa with amorphous, faintly eosinophilic material that is most prominent in the deep mucosa around crypts (D).
Several entities may produce mucosal changes that simulate the features of idiopathic myointimal hyperplasia. Portal hypertensive colopathy usually affects the right colon where it produces erythematous patches and telangiectasias. Biopsies display dispersed, slightly dilated capillaries unassociated with mucosal injury or thrombi. [8] [9] [10] [11] Radiation colopathy can develop following external beam therapy and displays variable ischemic and regenerative epithelial changes accompanied by lamina propria hyalinization that are most pronounced in the superficial mucosa. 12 Vascular spaces may contain infrequent fibrin thrombi, but they are ectatic, rather than thick-walled. Enterocolic lymphocytic phlebitis is a rare idiopathic inflammatory disorder of intestinal veins that occurs in middle-aged men and women, and shows a predilection for the right colon and terminal ileum. 13 Acute mucosal ischemia is accompanied by CD8+ Tlymphocytes intimately associated with mucosal venules, as well as medium and large veins in the intestinal wall. 14 Granulomatous and necrotizing inflammation and thrombosis of the veins may occur, but arteries are invariably spared. 15 Similar venous changes can be seen in association with systemic lupus erythematosus and Behcet syndrome. Although all forms of lymphocytic phlebitis may show paucicellular venous fibrosis that simulates the noninflammatory changes of idiopathic myointimal hyperplasia of mesenteric veins, arteriolization and hyalinization of mucosal vessels are not characteristic features. Although the clinical features of idiopathic myointimal hyperplasia of mesenteric veins simulate those of inflammatory bowel disease, the histologic features are dissimilar. The former is more likely to cause mucosal alterations attributed to nonspecific ischemic injury than an immune-mediated inflammatory process; plasma cellrich inflammation is conspicuously absent despite mild crypt architectural abnormalities.
The mechanisms underlying development of idiopathic myointimal hyperplasia are not clear. Some authors have noted similarities between the venous changes of idiopathic myointimal hyperplasia of mesenteric veins and saphenous vein grafts used in coronary artery bypass procedures, leading them to propose that the former results from vascular remodeling caused by venous hypertension secondary to abnormal arteriovenous communications in the sigmoid mesentery. 7 However, no such communications have been convincingly demonstrated to date. We suspect that idiopathic myointimal hyperplasia results from chronic mechanical stress on mesenteric veins. Consistent involvement of the rectosigmoid colon suggests that hypermobility of this colonic segment and possible intermittent volvulus lead to tension on mesenteric veins, thereby promoting myointimal hyperplasia of large caliber veins. Most likely, the vascular remodeling of mucosal capillaries results from chronically elevated venous pressures, similar to vascular alterations that develop in the lungs of patients with pulmonary hypertension secondary to chronic left heart failure. Increased venous pressures transmitted to mucosal capillaries leads to endothelial injury, and results in extravasation of fibrin and red cells into vascular walls. Diminished venous outflow results in chronic ischemic injury to the mucosa.
In summary, the results of this study suggest that diagnostic features of idiopathic myointimal hyperplasia of mesenteric veins are often present in mucosal biopsy samples obtained from affected colonic segments. Highly sensitive and specific features include clustered, slightly dilated, "arteriolized" capillaries lined by plump endothelial cells, and subendothelial fibrin deposits. Mucosal ischemic changes are usually accompanied by numerous, brightly eosinophilic fibrin thrombi in altered blood vessels, many of which also show signs of endothelial damage. It is important for pathologists to suggest the possibility of idiopathic myointimal hyperplasia of mesenteric veins when these features are encountered in mucosal biopsy specimens from elderly patients with suspected inflammatory bowel disease or nonocclusive ischemia of the distal colorectum. The former does not respond to immunosuppression and may, in fact, perforate following corticosteroid therapy.
